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Further  work  was  done  on  the  reversible  ageing  commented  on  previously. 

CX  life  on  a  seapic  of  A SC  plant  Whetlerite  at  90-80  and  6  cm.  bed  depth  was 
237  minutes.  After  ageing  at  80%  RH  (room  temperature  equilibration)  and 
80*C,  for  2ii  hours,  the  CK  life  at  80»80  urns  $6  min.  Drying  this  material 
at  10$*C.  and  1$0*C.  for  3  hour*  gave  1$1*  minute  life  in  each  ease.  Moving 
air  at  28%  RH  over  the  -dhetleritc  for  18  hours  at  room  temperature  and 
re-equilibrating  at  80%  RH  gave  a  life  of  129  minuti  i.  Thus  very  little 
activation  energy  is  needed  for  reversing  the  state  of  the  Whetlerite  and 
one  would  guess  we  are  dealing  with  a  physical  change.  The  amount  of  water 
present  is  essentially  the  same  in  all  cases  before  testing.  A  simple 
redistribution  of  the  copper  chromate  would  be  one  answer.  Even  long  equili¬ 
bration  at  8o%  RH  where  no  water  evaporation  can  occur  leade  to  a  slow  rise 
in  CK  life.  (Aged  life  37  min.  equilibrated  2U  hours  at  80%  RH  ItO  min., 

$0  hrs.  U5  min.,  and  120  hrs.  $1  ain.) 

As  the  Whetlerite  CX  life  is  further  aged  by  longer  treatment  at  80T. 

CK  life  Is  reduced  to  that  of  raw  carbon.  On  drying,  CK  lives  are  consider¬ 
ably  higher  but  still  are  reduced  proportional  to  the  time  of  ageing. 

CO,  has  a  considerable  affect  on  CK  life  even  at  room  temperature.  The 
effect  of  C0Z  on  ageing  at  80*C.  it  considerable  and  more  of  what  we  might 
term  ■permanent8  ageing  results.  Ws  have  not  run  chromate  analysis  on  these 
yet,  but  it  can  be  pres  rated  that  more  reduction  occurred. 

Mustard: 

A  wide  variety  of  preadsorptlors  were  made  on  Cl/S  carbon  before  mustard 
sorption.  Mineral  oil,  crcsols,  and  Drifilm  all  gave  increased  desorption 
tif  anstard.  M-$  ointment  absorbed  on  CVS  carbon  from  acetone  gave  a  consider¬ 
able  increase  in  desorption.  It  is,  of  course,  poeeible  (as  usual)  that  the 
oxidlaable  S  used  for  analysis  night  be  something  other  than  mustard. 

-  '  i  •  'V, 

\  '  y"  .  . 


Attempted  high  temperature  sulfonation  of  CVS  carbons  at  1<0,  200,  2?0  and 
300*C.  gave  results  shoving  little  decrease  In  Initial  desorption  rates  but 
considerably  reduced  rates  later  for  200  and  250*C.  sulfonations.  These 
«ay  be  Interesting  enough  to  check  further. 

We  found  that  ve  could  get  total  chlorides  by  oxidation  of-  the  whole  samples, 
and  the  Bustard  content  on  both  carbons  and  ion  exchange  resins  was  checked. 

It  was  found  in  the  latter  case  that  only  about  105C  of  the  weight  increase 
was  Bustard.  These  aaterials  still  shew  low  desorption  rates  but  the  initial 
*H"  concentration  is  too  low  to  ask*  then  of  any  Interest. 

Chlorination  at  iiCD*C.  had  little  effect  on  desorption  end  the  use  of  pre¬ 
activated  carbon  after  sulfocation  gave  very  poor  results.  It  was  hoped 
that  since  this  material  has  fairly  high  surface  area  and  considerable 
hydrogen  that  it  would  sulfonate. 

Dowex  Ion  Exchange  Resin  Vo.  £0-xS  picked  up  acre  ”H”  and  it  had  no  re 
desorption  than  IR-120.  These  can  not  be  compared  on  initial  concentrations 
since  we  only  have  chloride  analysis  on  the  latter. 

A  nethod  of  analysis  for  in  solution  by  DB3  was  worked  out.  The  ccncen- 
,  tration  in  our  water  desorption  experi Bents  never  Is  high  enough  for  accurate 
analysis.  A  hydrolysis  curve  was  node.  The  results  were  very  questionable 
below  roughly  10  ng./l. 

Calculations  were  node  to  show  the  aaxioua  "H*  concentration  obtainable  for 
the  consecutive  reactions  of  desorption  and  hydrolysis.  It  was  assumed  that 
both  reactions  were  first  order.  If  the  Initial  concentration  of  is 
taken  as  that  desorbed  at  very  long  tines,  a  reasonable  first  order  otxrve 
resulted.  For  *oat  of  the  syttens  where  fren  10  to  30  graaa  of  H/100  g. 
of  C  were  adsorbed,  the  sexiaun  concentration  of  •H"  would  be  around  3  ng./l. 
using  1  g.  C/200  g.  of  H>0  and  this  would  bt  reached  in  about  1*0  minutes. 

For  very  high  load  Inge,  *H*  concentration  would  get  to  100  ng./l. 

COICHSIOKS; 

1.  The  reversible  ageing  of  ASC  Whetlcrlte  is  a  process  of  low  activation 
energy  and  is  probably  physical  rather  than  chemical. 

2.  Carbon  dioxide,  even  at  room  temperature,  has  a  considerable  affect  on 
CK  life.  Ageing,  as  already  noted,  is  considerably  higher  in  a  C02 
atmosphere  and  though  there  is  reversibility  on  drying,  recovery  shows 
nore  "permanefet"  ageing  results. 

3.  So-called  reversible  ageing  is  nore  or  less  proportional  to  permanent 
ageing. 

ii.  So  good  solutions  are  as  yet  epparent  for  the  prevention  of  Bustard 
desorption  from  CVS  carbon  by  water. 

< .  Most  additives  to  the  carbon  increase  desorption.  Chemical  treatments 
with  H2  or  acids  will  decrease  the  rate  but  not  sufficiently  to  be  of 
much  Interest. 
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RESULTS: 


The  very  large  effect  of  drying  after  ageing  vu  further  investigated.  For 
the  want  of  better  terras  ve  have  called  the  lots  In  CX  life  which  is  restored 
by  drying,  "reversible  ageing"  and  the  rest  "permanent  ageing”.  It  is  desir- 
able  to  understand  the  "reversible  ageing"  since  it  is,  (1 )  the  largest  effect, 
and  (2)  though  easily  restored  in  a  kitchen  oven  or  the  like,  it  May  otherwise 
be  the  hardest  to  counteract.  At  any  rate,  factor#  that  influence  one  form 
may  not  Influence  the  other. 

The  following  teat#  were  Made  to  determine  how  easily  reversible  ageing  can 
be  reversed  by  room  temperature  drying  with  partially  humid  air,  what  effect 
water  soluble  components  may  have  on  the  ageing,  and  what  effect  vary  severe 
continued  ageing  has. 

The  following  tables  show  the  results. 

In  addition,  a  somewhat  similar  series  was  run  in  which  equilibration  at  80%  RK 
was  made  with  C02,  part  of  this  material  aged,  part  redr led  and  CX  teats  made 
on  all  three  materials. 

Plant  AX  Vhetlcri&e  was  used  in  all  these  cases. 

All  the  data  is  summarised  in  Table  VIII.  Weights  are  shown  here  and  this 
shows  that  reversible  ageing  Is  not  due  to  water  content. 


EFFECT  OF  TEMPERATIKE  OF  DRYUG  ACED  SAMPLES 


A  sample  of  plant  production  AX  was  equilibrated  and  aged  for 
2U  hours  at  80*.  The  sample  was  split  and  dried  under  various 
conditions  and  then  re-equilibrated. 


CX  Life  in  Kimxtee  of  6  cm.  Bed  Depth 

CK  Life 
min. 

Initial  Life 

237 

Aged  2ii  hours  at  SO* 

Aged  2lt  hours  at  8o*  and  partially  dried  in  a 

2 o%  FH  air  stress  for  18  hours  at  room  temp. 

129 

Aged  2k  hours  at  00*,  dried  3  hour*  at  105* 
and  re-equilibrated 

15U 

Aged  2h  hours  at  80*,  dried  3  nowra  at  1^0* 
and  re-equilibrated 

I5i* 

TABLE  II 


EFFECT  OF  LEftflH  OF  AGE  UK}  TIMS  UPON  RECOVERY  OF  CK  LIFE  AFTER  RgDRYI^? 

Staples  of  plant  production  ASC  vere  equilibrated  and  aged  at 
30*  for  various  lengths  of  tine.  The  staples  vere  then  split 
and  one-half  of  each  was  dried  for  3  hours  at  1^0*  and  then 
re-equilibrated, 

CK  Life  in  Minutes  for  6  ca.  Bed  Depth 


CK  Life  -  Minutes 

Redried  A  Ra-Equll. 


Initial 

237 

- 

Aged  00  *  for  21*  hours 

£6 

1  Sk 

Aged  80  *  for  1*8  hours 

18 

103 

Aged  80 *  for  120  hours 

17 

Ik 

TABLE  III 

EXPOSURE  TO  8CX  RH  AIR  AFTER  AGE IMP 

A  staple  of  plant  production  ASC  vas  equilibrated  at  8051  KH 
and  then  aged  2li  hours  at  80*.  After  ageing,  the  staple  vas 
replaced  on  equi libra tor  and  Q0%  RH  air  passed  through  for 
varying  tines. 

CK  Life 

CK  Life  in  Minutes  for  6  an.  Bed  Depth  «in. 

Aged  2li  hours  at  8 0*  36,6 

Aged  2L  hours  at  80",  replaced  on  equilibrator  for  i*0.2 

2L  hours 


Aged  2k  hours  at  80*,  replaced  on  equilibrator  for 
hours 

Aged  2ii  hours  at  80°,  replaced  on  equilibrator  for 
120  hours 


hS.Q 


SO.  6 


TABLE  I V 

ASC  WAStED  WITH  WATER  AID  RE  DRIED 

A  Maple  of  plant  production  ASC  mi  washed  with  two  liter*  water 
over  a  period  of  three  hour*.  (Approx irately  10?  of  the  Cr03  was 
washed  off).  Saaple  was  dried  three  hours  at  :i!>0*and  equilibrated. 


CK  Life 

-  Minutes 

Unwashed 

Was&d 

Initial 

237 

163 

Aged  2ii  hours  at  80* 

37 

12 

-E&&L.JL 

EQUILIBRATIOa  AID  AGEING  IB  CO, 

A  saaple  of  plant  production  ASC  was  equilibrated  at  80*  RH 
in  a  COt  ataoephere.  The  aged  saaple  was  sealed  while  on  the 
equilibrator  and  placed  In  the  oven. 

CX  Life  In  Minute*  of  6  ca.  Bed  Depth 

CX  Life  -  Minutes 

Equilibrated  with 
80*  RH  Air  80*  RH  CO, 


Initial  Life 

237 

lhh 

Aged  2li  hours  at  80* 

<6 

19 

Aged  2li  hours  at  80*,  redr  led  3  hour* 
at  150*,  re-equi  1 1 brated 

I5h 

117 

TABLE  VI 

MISCELLANEOUS  TESTS 


A  saaple  of  plant  production  ASC  was  soaked  In  12%  chronic  acid  for 
30  minutes,  drained  and  dried  for  3  hour*  at  15>0*.  Saaple  was 
equilibrated  at  80*  RH. 

CX  Life  -  Minutes 


Initial  Life  6  ca.  depth  2<3 

Aged  2i*  hours  at  80®  33 

A  saaple  of  plant  ASC  was  equilibrated  at  97%  RH  and  tested  at  91%. 


Initial  Life 


u  ca. 


88 


6  ca.  |  4  Iv,  i  2lf 

s,#'  l/.'  J  ?  1  1  K*.'  *  •*  .fc  ►  ’  tu.. 
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TABLE  VII 

CK  TUBE  TESTS  *  .• 

•  p> 

The  following  tube  testa  wr<  run  at  1*.00  ag.  CK  per  liter,  1.56  liter®  per  minute. 
Tube  croes-section  equal®  2.77  sq.  cm.  All  testa  run  at  80-80  RH  except  where  noted-* 
XLl  tests  were  run  on  plant  production  A3C.  .* 


Bed 

Depth 

cm. 


Equilibrated  In  COz 

Initial  6 

Aged  21*  hours  at  80s  6 

Aged  21*  hours  at  80*,  Redried  150*,  6 

and  Re-equilibrated  in  air. 

Aged  80*  for  21*  hours  6 

Aged  80*  for  1*8  hours  6 

Aged  80*  for  120  hours  6 


Aged  80*‘  for  1*8  hours,  dried  150",  Re-equil.  6 
Aged  So*  for  120  hours,  dried  150*, Re-equil.  6 

Aged  80*  for  21*  hours  placed  in  80$  FH 


air  stream  for,  21*  hours  6 

50  hours  6 

120  hours  6 

Aged  80*  for  21*  hours  dried  at  room  team.  in 
2.8$  HH  air  stream  then  re-equil.  to  8o$  6 

Equil.  97$  ?H  tested  97$  RH 

Initial  1* 

Initial  6 

Dipped  in  12$  chronic  acid,  dried  150*, 

Equilibrated  Initial  6 

Aged  21*  hours  at  80*  5 

Aged  2i*  hours  at  80°,  dried  3  hours  105* 

fte-equi  1  ibrated  6 

Aged  21*  hours  at  30°,  dried  3  hours  150* 

Re-equilibrated  6 

Equil  80$  Initial  Life  6 

Aged  80*  for  2i*  hours  6 


Sample  washed  with  2  liters  water 

Approx.  10$  of  the  Cr  resowed,  dried,  equil.  6 

Aged  21*  hours  at  80*  6 


Equil . 
Weight 
a. 

Corrected 

Life 

min. 

ag. 

CK 

mg.  CK 
per  Gram 
Equil. 
Weight 

Net 

Weight 

Change 

■g- _ 

11.2908 

11*1*. 1 

899 

79.6 

«• 

225.3 

11.2609 

18.6 

116 

10.3 

- 

11.2070 

116.5 

727 

61*. 9 

• 

66.0 

11.1501* 

36.6 

228 

21*. 5 

+ 

113.8 

11.2697 

18.1 

113 

10.0 

10.8330 

16.7 

108 

9.6 

- 

11.1539 

102.7 

61*1 

57.5 

«* 

1*5.1 

11.1602 

73.6 

1*59 

1*1.1 

- 

115.7 

11,31*52 

1*0.2 

2<1 

22.1 

61*. 6 

11.2108 

L5.0 

280 

25.0 

«■ 

59.7 

lx. 3703 

50.6 

316 

27.8 

• 

135.6 

11 , 2502 

12?.2 

806 

71.6 

- 

110.6 

7.8200 

88.3 

551 

70.5 

■» 

'•7.7 

11.5191* 

216.1 

131*8 

117.0 

* 

91.1* 

12.1*351 

253.1* 

1581 

• 

127.1 

♦ 

57.  C 

12.1*763 

32.0 

203 

16.3 

♦ 

1*0.8 

11.2815 

153.6 

958 

81*. 9 

- 

CO 

* 

CM 

CD 

11.31*11 

151*. 0 

961 

81*. 7 

m 

91.5 

11.1581* 

237.0 

11*79 

131.8 

♦ 

1*5.8 

11.1888 

^5.6 

31*7 

31.0 

♦ 

101.5 

11.5128 

163.1* 

1020 

88. 6 

98.3 

11.2358 

12.0 

7C’ 

6.7 

- 

I 
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Mustard: 

Procedure: 

A.  Treatment  of  CVS  Carbon  before  Adsorption  of  Hustard: 

1.  CVS  carbon  was  dipped  In  20£  oleua  eolation  and  heated  to  teaperatures 
of  150*C.,  200 *C.,  250*C.,  260*C.,  and  300*C.  Sables  were  than  drowned 
In  Ice,  filtered,  and  dried  overnight  in  forced  draft  oven  at  1?0*C. 

2.  Saaplee  of  CVS  carbon  were  placed  in  a  vertical  tubular  furnace  at  a 
tcaperature  of  bOOT.  and  Clz  pasted  over  it  for  3  hours  at  1  l./ain. 
flow  rate. 

3.  Saaples  of  activator  feedstock  (devolatilised  coal  before  activating) 
were  dipped  in  solutions  of  olsua  and  chloroculfonic  acid,  heat td  to 
150*C.  for  30  ainutes,  drowned,  filtered  and  dried  at  150*C.  overnight. 

U.  Saaples  of  CVS  carbon  were  dipped  in  solutions  of  M-5  ointaent  in 
acetone  and  then  air  dried. 

5.  Sables  of  CVS  carbon  ware  dipped  in  Drifila  (General  Electric)  and 
then  dried  In  forced  draft  oven  overnight  at  105*C. 

fi ' 

B.  Treataent  of  Other  Adsorbents  before  Adsorption  of  Mustard; 

1.  Dow  Resin  Ho.  50-oc8  was  dried  in  oven  overnight  at  105*C.  and  then 
tightly  bottled  prior  to  Bustard  adsorption. 

2.  Linde's  Molecular  Sieves  Type  $A  was  also  dried  overnight  at  105*C. 
prior  to  use  with  austard. 

3.  A.  sanple  of  Resin  IR-120  was  dipped  in  NaCl  solution  and  dried  prior 
to  adsorption  of  austard. 

C.  Adsorption  of  Mustard  by  Various  Saaples: 

1.  The  saae  procedure  was  initiated  as  reported,  i.e.,  saaples  were  placed 
in  desiccator  over  a  pool  of  austard  and  the  desiccator  evacuated  by  e 
water  aspirator.  The  aaount  of  austard  adsorbed  was  deterained  by 
periodic  weighing. 

2.  A  desiccator  filled  with  silica  gel  and  evacuated  by  Beans  of  an  oil 
vacuur  puap  was  used  in  order  to  prevent  the  adsorption  of  water  by 
the  saaples. 

D.  Use  of  the  DB3  Method  for  Determination  of  Mustard  in  Acrucous  Solution; 

A  taaple  of  CVS  carbon  which  had  adsorbed  a  known  aaount  of  austard  was 

placed  in  LOC  ad.  of  water  and  agitated.  Saaples  were  taken  at  aeasured 

intervals  and  the  total  austard  deterained  by  coulossetric  titration  nnd 

by  a  revised  procedure  using  D83  reagent.  The  procedure  was  as  follows: 

1.  1  ml .  siautdard  or  sample 

5  ml .  DB3  reagent 
3  ml .  H26  •  '  , 


mixed,  heated  in  boiling  vator 
for  9  minutes  and  then  cooled 
|in  cool  water  for  2-3  ainutes. 
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2.  Add  1  ml .  acetone  and  i  si.  piperidine  and  alx. 

3.  Read  at  $75  mx.  on  spectrophoteaeter  against  distilled  water. 

It.  Run  blank  using  1  al.  phthalate  Instead  of  sample . 

A  hydrolysis  curve  for  austard  was  detarainad  by  DB3  method  by  preparing 
a  known  standard  of  austard  in  acetone  and  diluting  to  1COO  ml.  Sables 
ware  than  taken  at  aeasured  intervals  and  the  above  D03  method  followed. 


Samples  of  resins  and  carbons  which  vara  thought  to  have  a  known  amount 
of  austard  adsorbed  (detarainad  by  weight  pick-i«p)  were  analysed  for 
Cl  and  S  content. 


TABLE  VI] 


■  ■  i 

(Dipped  In  20JC  Oleua  at  1$0*C.) 

CVS  Carbon 

-  2,C061i  g. 

Mustard 

-  0.1*61x9  g.  H/C  - 

23.2 

Saapla 

Time 

"H"  Desorbed 

*H*  Desorbed 

Vo. 

Win. 

*SL- 

Vt.  % 

1 

30 

1*9.2 

10.6 

2 

60 

60.0 

12.9 

3 

90 

67,9 

11*.  6 

it 

120 

7h.2 

16.0 

5 

150 

76.1 

16,  li 

6 

180 

75.1 

16.1 

7 

260 

78.8 

17.0 

8 

280 

79.8 

17.2 

9 

3U0 

81.2 

17.5 

10 

liOO 

96.? 

20.8 

11 

ii60 

92.3 

19.8 

12 

1*90 

93.2 

20.1 

13 

1165 

126.1* 

27.2 

1U 

11*60 

12$.0 

26.9 

l? 

1$10 

125.3 

27.0 

~  9  - 


TABLE  XX 


DESORPTIOB  OF  KIBTARD  FROM  CARBOH 

(Dipped  in  20*  Oleum  at  l50*C.) 

CVS  Carbon 

-  2.0152  g. 

Mustard 

-  0.63^2  g.  H/t 

*  31.5 

Saaple 

Tine 

■H*  Deacrbed 

"H*  Deaorbad 

Vo. 

Min. 

.  «fl. 

Wt.  * 

1 

30 

38.92 

6.13 

2 

90 

70.2 

11.1 

3 

120 

76.2 

12.1 

h 

X80 

89.6 

II4.I 

5 

a<o 

99.8 

15.8 

6 

1200 

155.1 

2lt.  5 

7 

1260 

165.  It 

26.1 

8 

1320 

161.1 

25.  h 

TABLE  X 


D63QRPTI0W  OF  HU5TARD  FROM  GARBOV 
(Dipped  in  20 %  Oleua  and  Held  at  150*C.) 


Carbon 

-  1.686  g. 

Vt.  addition  due 

-  0.328  g. 

to  sulfonation 
Mustard 

-  0.6921  g. 

H/t  -  a. 2 

Sample 

Time 

"H"  Desorbed 

*H"  Desorbed 

No. 

Min. 

.  *a- 

Wt.  * 

1 

30 

66.U 

9.6 

2 

90 

86.3 

12.5 

3 

120 

97.3 

llt.O 

It 

150 

98.9 

lit.  3 

5 

210 

108.5 

15.7 

1 '  < 

A 

6 

270 

113.J 

7 

330 

119.lt 

17. 1 

M 


;  r 

:  \t  !’ 
:  x  i 


IT 
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m.xi 

DESOKPTIQW  OF  MUSTARD  FKOM  CAR80S 
(Carbon  Dipped  in  20*  Oleua  at  200 "C. ) 


Carbon 

-  1.718  q. 

Mustard 

-  0.1423  0. 

H/fc  »  25.8 

Vt.  addition  due 

-  0.307  g. 

to  sulf oration 

Saule 

Tiaa 

■H"  Desorbed 

•W  Desorbed 

*9t 

Min. 

■fi. 

Vt.  * 

1 

30 

11.9 

2.7 

2 

50 

12.8 

2.9 

3 

80 

15.  h 

3.5 

h 

110 

16.0 

3.6 

5 

lUo 

18.1 

li.l 

6 

170 

19.0 

i*.3 

7 

200 

21.7 

h.9 

8 

260 

35.3 

8.0 

9 

290 

33.5 

7.6 

10 

350 

32.9 

7.5 

TABLE  XII 

CESQRPTIOK  OF  MUSTARD  FROM  CARBOB 
(Carbon  Dipped  In  20*  Olevei  at  250°C.) 


Carbon 

Vt.  addition  due 
to  sulf one t ion 
Mustard 

-  1.733  g. 

-  0.313  0. 

«•  0.2j090  0. 

H/3  -  23.6 

Saaple 

Tiaa 

■H*  Desorbed 

*H*  Desorbed 

Mo, 

Min. 

_ SSL _ 

_ >&_£ _ 

1 

30 

7.7 

1.88 

2 

60 

11.6 

2.83 

3 

150 

15.6 

3.81 

k 

210 

16.1 

3.93 

5 

270 

18.2 

li.li 

6 

330 

19.0 

U.6 

7 

1320 

29.8 

7.3 

8 

1380 

31.1 

7.6 

9 

1140 

30.ii 

7.h 

10 

1500 

30.5 

7.U 

}  nr 

i  U  L 


NTIA! 
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TABLE  XIII 

DESORPTION  OF  MUSTARD  FROM  CARBON 
(Carbon  Dipped  In  20%  Oleum  at  260*C. ) 


Carbon 

Wt.  addition  due 

-  1.637  g. 

to  sulfonatlon 

-  0.379  g. 

Mustard 

-  O.UU89  g. 

H/C  -  27.9 

Sample 

Tim 

*H"  Desorbed 

"H"  Desorbed 

So, 

Min, 

.  . 

Wt.  % 

1 

30 

10.0 

2.2 

2 

120 

16.1 

3.6 

3 

180 

17.9 

li.O 

h 

2li0 

19.3 

u.3 

9 

300 

21.2 

Ii.7 

6 

360 

22.8 

9.1 

7 

1390 

36.8 

8.2 

3 

lJilO 

37.9 

8.3 

9 

lii70 

39.9 

8.8 

TABLE 

XIV 

DESCRPTIC*  OF  MUSTARD  FROM  CARBON 

(Carbon  Dipped  in  20^  Oleum  Solution)  Heated  to 

300  *C.) 

Carbon 

2.0091  g. 

Mustsrd  - 

0.1(720  g.  H/t 

-  23.9 

Sample 

Tine 

"H”  Desorbed 

"H» 

Desorbed 

So. 

Min. 

—  an*.  -- 

Wt.  S 

1 

30 

28.9 

6.01* 

2 

60 

37.6 

8.0 

3 

120 

1*7. 6 

10.1 

h 

190 

91.3 

10.9 

r-» 

180 

92.  h 

11,1 

6 

2h0 

98.3 

12. u 

7 

270 

61.2 

13.0 

8 

300 

69.7 

13.9 

9 

330 

71.8 

19-9 

10 

360 

61*. 3 

13-8 

TABLE  XV 

DE30RPTI0M  OF  MUSTARD  FROM  CARBON 


(CVS  Carbon  Chlerlnatad  at  hOO*C. ) 


Carbon  -  2.0133 

s- 

Mustard  -  0.6387 

a.  h/c  -  31.7 

Saapla 

Tiat 

"H"  Desorbed 

Deaorl 

Wo. 

CifljL 

_ _ SSL _ 

«*•  * 

1 

30 

??.o 

11.7? 

2 

90 

113.1 

17.7 

3 

120 

lii3.? 

22.? 

4 

l?0 

1?0.1 

23.5 

5 

180 

1?3.S 

214.1 

6 

210 

161.3 

2?.3 

7 

im 

2?0.1 

39.2 

8 

120? 

303.7 

hi. 6 

TABLE  XVI 

DESGRPTIO*  OF  MUSTARD  FROM  CARBON 

(CVS  Carbon  Chlorinated 

at  l400°C. ) 

Carbon  -  2.0090 

fl. 

Mustard  -  0.?173 

a.  h/c  •  2?. 8 

Saapla 

Tlae 

"H"  Dasorbad 

"H*  Dasorbad 

■  JBfr— 

MjjB. 

. -  na.  . 

vt,  % 

1 

30 

37.1 

7.18 

2 

90 

57.? 

11.1 

3 

180 

8^.7 

16.6 

9 

210 

87. a 

16.9 

21^0 

99.0 

18.2 

6 

270 

100.0 

19.9 

7 

300 

103.0 

19.9 

8 

360 

na.i 

22.1 

9 

390 

119.9 

23.1 

4 
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TABLE  XVII 


DESORPTION  OF  MUSTARD  FROM  CARBON 


(Baker  "A*  Material  Dipped  in  C1HS03) 


Baker  *A" 

-  2.1235  g. 

Mustard 

-  0.1155  g.  H/t  - 

5.2* 

Sample 

Time 

■H"  Desorbed 

*H"  Desorbed 

No* 

Min, 

■a*.. . 

Wt.  % 

1 

30 

19.9 

17.25 

2 

90 

25.1 

21.7 

3 

150 

28.5 

22*. 8 

i* 

1125 

57.5 

1*9.8 

5 

115? 

55.0 

2*7.6 

6 

12 1*5 

53.1 

1*6.0 

7 

1305 

53.2* 

2*6.3 

8 

12*25 

52.6 

2*5.5 

9 

12*85 

52.2 

1*5.2 

10 

160? 

52*. 1 

2*6.8 

TABLE  XVIII 

DESORPTION  OF  MUSTARD  FROM  CARBON 

(Activator  Feed  Stock  Dipped  In  20$  Oleus  Solution) 

Activator  Feed  Stock  -  2.0261*  a. 

Mustard 

-  0.1606  g.  H/t 

-  7.93 

Sample 

Time 

"H"  Desorbed  «H" 

Desorbed 

No, 

Min. 

.  «a. _ 

-Wt,  % 

1 

30 

15.7 

9.8 

2 

90 

21.6 

13.5 

3 

150 

27.2* 

17.1 

l 

1120 

61*.  8 

2*0.3 

5 

1180 

62*.  5 

2*0.5 

6 

121*0 

61.6 

"8.6 

7 

1300 

06 .  2* 

2*1.1* 

8 

12*20 

70.< 

2*3 .  p 

9 

11*80 

f'5.2 

1*0.7 
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DESORPTIOII  OF  MUSTARD  FROM  CARBOH 


CVS  Carbon 

-  2.0110 

g. 

Mustard 

-  0.2lj05 

g.  H/t  - 

11.9 

Staple 

Tl*t 

"H" 

1  Desorbed 

*H*  Desorbed 

.  .fet- 

«iik 

— — 

_ 5SL _ 

Wt.  $ 

1 

15 

l.U 

0.58 

2 

16 

2.3 

0.96 

3 

75 

3.1 

1.3 

k 

105 

6.1 

2.5 

5 

135 

3.7 

1.6 

i 

165 

U.7 

2.0 

7 

195 

5.U 

2.3 

6 

22$ 

5.9 

2.5 

9 

1260 

26.3 

10.9 

10 

1290 

25.0 

io. a 

11 

1320 

27.3 

11.3 

12 

1350 

28.3 

11.8 

iULH 
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TABLE  XX 


DESORPTION  OF  MUSTARD  FROM  i 

CWS  CARBON 

(Carbon 

Iapregnated  with  M5  Ointaent 

in  Acatone 

Solution ) 

Carbon 

-  1.W02  g. 

'MS 

•  0.562  g. 

Mustard 

-  0.1602  g. 

H/C  ■ 

•  11.1 

Saaple 

Tlae 

"h 

11  Desorbed 

■H»  Desorbed 

Ho. 

Min, 

ttfl. 

-  -t.  * 

1 

30 

22.8 

111.  2 

2 

90 

1x0.5 

25.3 

3 

150 

52.7 

32.9 

ii 

210 

U2.9 

26.8 

5 

1200 

lia  3.9 

89.8 

6 

1260 

11x7.8 

92.3 

7 

1320 

lUT.li 

92.1 

8 

1350 

11x5.7 

91.0 

TABLE  XXI 


DESQRPTIOK  OF  MUSTARD  FROM  CVS  CARBON 


(Carbon  I^jregnated  with  M5  Ointnent  in  $0%  Acetone  Solution) 


Carbon  -  2.COii7  g ■ 

X5  -  0.7012  g. 

Mustard  -  0.278?  g.  H/C  -  13.9 


Saaple 

Tim 

"H"  Desorbed 

«KB  Desorbed 

HO. 

Min. 

m,.  . 

5t.  %  . 

1 

30 

35.2 

12.6 

2 

90 

78.1 

28.0 

3 

l5o 

92.6 

33.2 

U 

210 

116.5 

lil. 7 

5 

1200 

2li2.6 

87.0 

6 

1260 

21x3.2 

87.2 

7 

1320 

2li0.0 

86.2 

TABLE  XXIX 


DSSjRPTIQK  OF  MUSTARD  FROM  CVS  CARBOB 

(Carbon  Dipp«d  in  General  El«ctric  Drifii*  81268) 

Carbon  -  0.913  g. 

Drifll*  -  1.097  g. 

Hue turd  -  0.08UD  g.  H/C  »  9.2 


Saaple 

TIsk 

*H*  Desorbed 

Desorbed 

Vo . 

Min. 

Vt.  % 

1 

30 

19.0 

22.6 

2 

60 

22.2 

26.it 

3 

90 

26.7 

31.8 

it 

120 

29.8 

35.5 

5 

150 

31.3 

37.3 

6 

180 

33.6 

39.8 

7 

210 

36.5 

63.2 

8 

3630 

58.9 

70.0 

9 

3660 

67.6 

56.6 

10 

3690 

56.7 

67.5 

11 

3750 

61  .it 

73.2 

12 

3910 

61.8 

73.6 

13 

3870 

58.6 

69.7 

.WL 

XXIII 

DE50RPTI0M  OF  MUSTARD  FROM  DOW  RE-SIM  NO.  50-x8 


Rssin  -  2.0667 

8- 

Mustard  -  0,7159 

9* 

H/R  -  35.0 

Saaple 

Tim 

Desorbed 

■H"  Desorbed 

Mo. 

Min, 

■8- _ 

Wt.  % 

1 

30 

7-3 

1.0 

2 

60 

9.3 

1.3 

3 

90 

12.3 

1.7 

6 

120 

16.1 

2.0 

5 

150 

16.6 

2.3 

6. 

180 

19.0 

2.7 

7A 

2580 

82.1 

11.6 

8 

2625 

85.3 

12.0 

9 

2655 

79.6 

11.0 

i 

Agitation  stopped  for  60  hours 


Rssln  -  2.0312  g. 

Mustard  -  0.2071  g.  H/R  •  10.2 


Saapla 

Tla* 

"H"  Dssorbsd 

*H*  Dsaorbsd 

Ho, 

Min. 

■fl. 

¥t.  % 

1 

30 

U.o 

1.9 

2 

90 

7.1 

3. la 

3 

1<0 

9.? 

9.6 

it 

210 

16.1 

7.8 

5 

1200 

UU.o 

21.3 

6 

1320 

hh.l 

21.3 

7 

1380 

U9.7 

21.1 

8 

lao 

U7.6 

23.0 

DESORPTION 

OF  HU5TARD  FTOH  MCU 

Molecular  5 leva 
Mustard 

■CILAR  SIEVE  TY1 

-  2.0996  g. 

-  0.U.71  g. 

>E  SA 

H/R  -  19.9 

Saapls 

Has 

"H“  Dssorbed 

■H*  Desorbed 

Ho. 

Kin. 

■a- 

Wt.  % 

1 

30 

23.3 

p.6 

2 

60 

27.1 

3 

1?0 

21j.  ^ 

**  r\ 

-> .  7 

h 

180 

25.7 

6.2 

zho 

25.8 

6.2 

6 

300 

27.1 

6.* 

7 

360 

28.2 

6.8 

8 

1380 

11.8 

7.6 

9 

lUJUo 

31.  h 

l.S 

10 

1^00 

31.2 

7.? 

.  tf  *'  ft  *  • 

VI.H  :  -  K\  ■ 
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■Mg-SWE- 

DESQRPTIOB  OP  MUSTARD  FROM  IPS  EXCHANGE  RESIN 


(IR-12Q  -  HaCi  Washed) 


Resin  -  2.01*67  g. 
Hustard  -  O.2369  g. 


Saaple 

No. 

Time 

Min. 

•H"  Desorbed 

*H°  Desoi 
Vt. 

1 

30 

0.22 

0.09 

2 

60 

0.26 

0.11 

3 

120 

0.23 

0.10 

h 

150 

0.32 

0.13 

? 

180 

0.16 

0.07 

6 

210 

0.3? 

0.1? 

TABLE  mil 

DESORPTION  OF  MUSTARD  ETON  CMS  CARBON* 


Carbon 

-  2.0073  g. 

Mustard 

-  0.783?  g. 

H20 

-  IlOO  *1. 

Saaple 

Tiac 

{•H*  &  "TDG")  Desorbed 

"H"  Desorbed 

No. 

Min. 

(Coulooetrlc  Deter.) 

(DB3) 

al crograa/al . 

mlcroaraa/nl 

1 

10 

100 

3.? 

2 

20 

12? 

L.O 

3 

30 

161*.  £ 

3.0 

U 

l*o 

17? 

?.o 

? 

?o 

18? 

7.0 

6 

60 

21? 

1.0 

7 

70 

221* 

6.0 

8 

80 

230 

7.0 

9 

90 

2lil 

?.o 

i 

Previous  run  abandoned  due  to  sailing  Intervals  being  too  large. 
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TABLE  XXVIH 

HYTROLYSIS  OF  MISTARD  BY  DB?  PSTERHIMITIOW. .. 

(0,3317  g»./9  »1.  Ac«ton«/lOOO  ml.  Hx0  -  3  «*!•  Aliquot) 


HC <3/»L. 


0.818 

0.91*0 

0.363 

0.296 

0.217 

0.339 

0.228 

0.171 

0.116 

0.099 

0.088 

0.106 

0.092 

0.066 

0.069 

0.066 

0.066 


172 

97.3 

113 

91.9 

80 

26.7 

9ii 

18.0 

16 

19.0 

71 

2l*.7 

1*8 

16.0 

36 

12.0 

2 h 

8.0 

20 

6.7 

16.9 

6.2 

22 

7.3 

19 

6.1* 

11* 

U.7 

13.9 

U.9 

11*. 9 

U.8 

lU 

U.7 
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TABLE  XXIX 

DETERMINATION  OF  MUSTARD  CONTENT 

ON 


VARIOUS  SAMPLES 

Saaple 

Cl  Analysis 

3tm> le 

Sulfur 

Analysis 

Weight  Pickup 
a.*H*/a.  Sample 

(1) 

Resin  LR-120 

0.0133  g. 

1  0.1LB  g. 

(2) 

Resin  IR-120 

0.0211  g. 

0.139  g. 

(3) 

CWS  Carbon 

0.1^8  g. 

• 

Ol 

» 

O 

0.22L  g. 

<U) 

CVS  Carbon 

0..369  g. 

0.3147  g. 

0.35  g. 

(Mieronised) 


Staples  (1),  (2),  and  (3)  -  Adsorption  conducted  over  Bustard  in  a  desiccator 

evacuated  by  water  aspirator. 

Saaple  (L)  -  Adsorption  conducted  over  Bustard  and  silica  gel 

in  a  desiccator  evacuated  by  vacuum  puap. 
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A3C  Whetlerlte; 

Since  drying  material,  aged  at  8o*C. ,  2U  hours  at  8of  RH  (RT),  was  reactivated 
by  essentially  the  same  amount  by  drying  at  150*0.,  105*C.  and  RT  with  2fi5f  RK 
air,  one  would  conclude  that  this  reversible  affect  is  due  to  a  physical, 
rather  than  a  chtaioal,  phenomena.  At  least  the  activation  energy  oust  be 
quite  low.  Since  chroaate  is  apparently  harder  to  leach  (this  is  based  on 
the  reasoning  that  it  is  very  difficult  to  oxidise  lower  foras  of  Cr  Ion  to 
Cr*-)  the  first  thought  is  that  some  kind  of  pore  plugging  results.  This 
nay  or  may  not  be  due  to  formation  of  saall  aaounts  of  hydrated  Cr*3  ion. 
Intermediate  drying  destroys  the  crust  or  gel  allowing  better  penetration. 

Rooa  temperature  drying  is  not  very  effective  on  Cr*3  hydrates  and  consider- 
abls  doubt  is  thrown  on  this  explanation.  Precipitation  of  salts  soluble 
at  high  tss^eratvre  and  insoluble  at  low,  eight  offer  an  explanation.  This 
effect  would  be  much  less  dependent  on  the  tine  at  the  high  teaperature. 

The  permanent  ageing  which  we  will  label  as  due  to  Cr+e  reduction  is  in 
part  proportional  to  the  reversible  ageing  and  a  combination  of  the  above 
effects  eight  be  responsible. 

4 ' 

The  effect  of  C02  ageing  even  at  room  temperature  is  very  pronounced  and 
is  not  as  reversible  (at  least  after  high  teaperature  ageing).  We  shall 
investigate  this  further. 

Mustard; 

While  the  IR-120  cation  exchange  resin  still  holds  Bustard  apparently 
irreversibly,  it  has  been  established  that  mustard  pick-up  is  considerably 
lower  than  previously  thought  so  the  results  are  not  of  direct  practical 
value. 


Attempted  sulfonation  of  activated  carbon  gave  rather  peculiar  results. 
Teats  on  ion  exchange  capacity  will  be  run  to  determine  an  explanation  of 
the  apparent  maxima  effect  on  sulfonating  at  200  or  250*C.  Initial  mustard 
desorption  rates  are  the  same  which  may  be  due  to  stoichiometric  effects 
(i.e.,  too  high  an  "H°  to  S03H),  As  it  stands  we  have  not  got  any  good 
leads  to  producing  irreversible  adsorption  of  °HB. 


Attempts  at  analysing  for  mustard  as  such  in  water  by  DB3  coloiaetric  analysis 
gave  little  of  value  except  that  BH1'  was  never  present  In  reasonable  quantities. 
For  this  reason  a  series  of  calculations  vert  made  to  predict  *H*  build-up. 

It  was  found  that  log  Co  vs.  l/r  plots  were  straight  line*  if  a  Co  value 
were  picked  as  that  possible  to  desorb  by  extrapolation  of  the  desorption 
curves.  In  order  to  si^lify  this  somewhat , all  the  desorption*  were  assumed 
first  order  and  half  lives  were  picked  to  be  1/2  tire  assumed  Co  (concentration 
of  H  desorbed  at  finite  times  at  the  end  of  the  desorption  curve,  usually 
3000  minutes  or  more). 


Thus 

Carbon  ■  (C1C2H4)2S 


K, 


0.6' 


t  1/2 


JL _ +  (C1C2H4)2S  aqueous  -  H,0  Ka  (H0C2H4)2S 

+  20 


and 


A  *  ’•"?  f\  •'  :  •  fl  f 


-  22  - 


The  equation  as  developed  by  Glasstone  and  other*  for  the  maximum  concentra¬ 
tion  of  B  in  A-^B-^C  in  consecutive  first  order  reactions  i»t 

K, 

CB  aax.  -  A  (K^) 

and  for  the  tine  at  maxiaua  CQ 

t  nax.  *  In  K1A2 
Ka-K2 

where  A  -  Co  or  initial  concentration  of  A 

•To  further  sinplify  the  calculations,  Rx  was  calculated  for  a  aerie*  of  half 
live*  froa  $0  ainutes  to  1000  ainute*.  In  general,  half  liveawre  of  the 
order  of  i|00  ainute*  assuming  Co  or  A  asoabove. 


TABLE  XXX 

CALC1LATICMS  FOR  MAXIMUM  MUSTARD  CCMCEHTRATIOS 

4  ‘ 


Nominal 

Adsorbent  Svatcn  H/C  in  % 

CWS  Carbon  .  31 

CWS  Carbon  27. h 

CWS  Carbon  25 

CWS  Carbon  aicropulverise^  22 

CWS  Carbon  micropulverieed  21 .  li 

CWS  Carbon  H*  treatment  liOO*  28.7 

CWS  Carbon  10JK  Acetic  Acid  1U 

CWS  Carbon  10$  HC1  19  Jj 

C  Carbon  10$  HH03  17.7 

C  Carbon  ♦  Ferric  Oxalate  36.8 

C  Carbon  ♦  KH^KOj  hO. 2 

ASC  Whetlerite  h 2 

Si02  10 

CWS  Carbon  5U 


H/t  used 
for  Co  % 

Co  or  A 

■fl.A. 

t  1/2 

min. 

t  max. 
min. 

C  "H»  (1 

ao/l. 

6.8 

670 

750 

1*7 

5.5 

6.9 

336 

550 

1*8 

3.h 

8.0 

205 

500 

1*1* 

2.1 

5.1 

250 

16Q 

1*3 

2.9 

,  5.3. 

268 

U20 

1*2 

3.2 

lt.6 

233 

3i*0 

hO 

2.9 

3.5 

87 

1000 

50 

0.6 

1.3 

65 

500 

hh 

.7 

it.l 

205 

375 

hi 

2.5 

12.5 

508 

2ii0 

37 

12 

17.5 

850 

270 

38 

17 

20 

1000 

70 

27 

77 

U 

200 

15 

10 

10 

25 

1238 

70 

26 

103 

The  numbers  in  the  above  are  obviously  approximations  at  beat  and  aay  even 
be  elfleading.  They  do  shov  the  difficulty  in  using  any  cheaical  aethod  for 
determining  mustard  concentration  in  the  water  layer  particularly  when  the 
DB3  method  is  not  sensitive  below  10  ag. /liter.  Since  it  is  not  known  what 
concentrations  are  toxic  to  the  skin  and  whether  there  is  a  threshold  concen¬ 
tration,  one  hesitates  to  draw  any  conclusions.  It  is  also  true  that  in  cases 
such  as  the  sulfonated  CWS  carbons,  the  initial  rate  of  desorption  is  consider¬ 
ably  higher  than  later  on  and  the  reaction  is  not  first  order,  except  over  a 
narrow  range. 
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